The article shows how to calculate greenhouse gas emissions of a family and emission reduction activities according to IPCC documents and ISO 14064-1 standards. In this study, direct and energy indirect emissions in 2017 are calculated. Then, within the scope of emission reduction activities, PV system installation, boiler exchange and led conversion are projected. As a result of the calculations, the total emission of the family is found to be 5,331 tons CO 2 -Eq. 84.1% of the total emission is direct emissions that is 4,484 tons CO 2 -Eq. The remaining 15.9% is energy indirect emission that is 0,847 tons CO 2 -Eq. Besides, 0,407 tons CO 2 -Eq from direct emission and 0,464 tons CO 2 -Eq from energy indirect emission are reduced. With the help of simple projections, we can reduce direct emissions by approximately 8%, while energy indirect emissions by about 55%. It is thought that the study will guide the calculation of greenhouse gas emissions and will also help those who wish to reduce greenhouse gas emissions.
INTRODUCTION
The atmosphere absorbs, owing to the gases it contains, some of the solar radiation reflected from the earth, and it cools down by giving some of it back. However, some of this radiation is absorbed by the greenhouse gases in the atmosphere, which causes the atmosphere and the Earth's surface to warm up, without spreading into space. If the atmosphere did not have this characteristic, the earth's average temperature of 15 °C would fall to -18 °C [1]. Moreover, the increased concentration of carbon dioxide, chlorofluorocarbons, methane and nitrogen oxides in the atmosphere creates a greenhouse effect. This is also the main cause of global climate change. According to the IPCC, the average global temperature of the compound in the land and ocean increased by 0.85 °C between 1880-2012 [2] . Because of the increase in the average temperature on a global scale, the glaciers have been rapidly melting and the sea level has been rising, the evaporation and precipitation regimes have been changing, and thus, drought and floods have been increasing. The reduction of water resources, one of the most important consequences of global warming and climate change, has reached to the extent of preventing sustainable living and environmental conditions [3] .
The main gases that cause greenhouse effect are carbon dioxide (CO 2 ), methane (CH 4 ), diazot monoxide (N 2 O), chlorofluoro carbons (CFC) and fluorinated gases. Some of these gases can be formed mostly through human activities and through natural means, and their concentration in the atmosphere has increased since 1750 [2] . The concentrations of CO 2 , CH 4 , N 2 O gases increased at the rate of 40%, 150% and 20% and by levels of 391 ppm, 1803 ppb and 324 ppb respectively from their pre-industrial levels to those in 2011 [2] . In view of such drastic rise, many international discussions and studies on greenhouse gas emissions have been initiated. Having started in the First World Climate Conference in 1979, the works continued with the Intergovernmental Panel on Climate Change in 1988. In 1992, the United Nations Conference on Environment and Development was convened and the United Nations Framework Convention on Climate Change was signed and adopted in 1994. With the Kyoto Protocol signed by 160 countries in 1997, measurement and calculation of these emissions, studies to be carried out in this regard and measures to be taken are considered as priority, and accordingly, the protocol has been implemented in 2005. In 2015, the 21st Climate Change Conference was convened in Paris and the Treaty of Paris was signed, and the inurement of the Treaty of Paris became final in 2016 [4] .
In addition to the studies and discussions, ISO 14064-1, ISO 14064-2, ISO 14064-3 standards have been issued by the relevant Technical Committees of the International Standards Organization to create a system for tracking greenhouse gas emissions. The ISO 14064-1 standard covers the principles and requirements for calculating and reporting of greenhouse gas emissions and removals at the establishment level [5] . The ISO 14064-2 standard provides guidance for calculating, monitoring and reporting activities that are expected to lead to improvements in greenhouse gas emissions reductions and removal [6] . The ISO 14064-3 standard covers the principles and requirements for those conducting or verifying greenhouse gas declarations and governing them [7] .
Although the studies on greenhouse gas emissions in Turkey are new, a greenhouse gas emission inventory has been held since 1990. The greenhouse gas emissions were 210.7 million tons of CO 2 -eq in 1990 while it was 494.1 million tons of CO 2 -eq and increased by 135.4% in 2016 [8] . The tons of CO 2 -eq per capita in 1990 was calculated as 3.8 tons/person and this value was calculated as 6.3 tons/person in 2016 [9]. In the Intended Nationally Determined Contribution of the Republic of Turkey, while the reference scenario of 2030 expects an increase in total emissions by 467% compared to 1990, reaching 1175 million tons CO 2 -eq, mitigation scenario of 2030 projects an increase in total emissions by 348% compared to 1990, reaching 929 million tons CO 2 -eq. Accordingly, a reduction in emissions by 21% are estimated [10] .
Increasing population, industrialization and rapid urbanization will increase energy demand, and therefore, will increase emissions considering the 2030 greenhouse gas emission scenario. While fossil sources provide most of the current energy demand, the scenarios of 2040 predict that fossil resources will provide approximately 75.8% of the energy demand, and that the percentage of energy demand to be met by other sources will be at the rate of 8.7% for bioenergy, of 7.7% for other renewable sources, of 5.4% for nuclear and of 2.8% for hydraulic [11] . In view of external energy dependency of Turkey, using renewable energy sources and improving energy efficiency are of vital importance for Turkey to reduce both external dependence and carbon emissions.
The literature review is performed on the calculation of greenhouse gas emissions and carbon footprint.
One study calculates the carbon footprint generated by the tourist activities in Barcelona, which more than 30 million guests visit every year. The analysis reveals that total emission of Barcelona tourist activity is approximately 9.6 million tons CO 2 -eq/year, which represents an emission of 96.93 kg CO 2eq/visitor per day. Besides, the average carbon footprint of a tourist is 111.6 kg CO 2 -eq/day and 43.0 kg CO 2 -eq/day for a day-tripper [12] . Another study shows the emission between 2006 and 2010 in the Province of Siena. While the significant reduction of GHG emission released to the atmosphere is about %81.3, the net emission is 449 Gg CO 2 -eq in 2006 and 84 Gg CO 2 -eq in 2010 [13] . In a study conducted in Israel, greenhouse gas emissions are calculated and direct emissions by sectors increased by 8.46% in 2012 compared to the previous year, while energy indirect emissions increased by 53.29% [14] . The GHG emission results of 5 wineries, one wine cellar and 9 grape producers in Germany are between 0.753 and 1.069 kg CO 2 -eq/bottle of wine in the other study [15] . In another study, a greenhouse gas emission calculation is made for a tannery company in Turkey, direct emission is 575.7 tons CO 2 -eq, energy indirect emission was 437.2 tons CO 2 -eq, and other indirect emission is 836.4 tons CO 2 -eq [16] . In a study conducted at Kahramanmaraş Airport, emissions from flights in 2016 are calculated according to aircraft types [17] . Another study calculates Carbon footprint of Birla Institute of Technology and Science Pilani, Pilani campus, India according to ISO 14064 standards, and compare the results with other universities [18] . In this study, the greenhouse gas emissions of wine producers in Siena are calculated and compared with the emission amount of producers in other continents and countries [19] . In another study conducted in Siena, greenhouse gas emissions between 2008-2011 are calculated and the changes in emission rates were examined. While the emission in 2009 decrease by 5,36% compared to 2008, the 2010 emission increase by 20,59% compared to 2008 and the emission of 2011 decrease by 37,96% [20] .
The aim of this study is to calculate the annual greenhouse gas emissions of a family through classifying them as direct, energy indirect and other indirect emissions as specified in the ISO 14064-1 standard and to emphasize the importance of carbon emission reduction and energy efficiency. Besides, it aims to compare and contrast the pre and post-recovery levels according to the emission classes through analyzing greenhouse gas emission reduction projection with improvement actions and economic analysis of these actions. Thanks to the study, the emissions that cause the greenhouse gas effect, which is a global problem, will be examined and everyone will be able to calculate how much it causes. The work will also show how much emissions can be reduced by making simple changes and saving. The main purpose of the study is to create awareness and draw attention to greenhouse gas emissions.
METHODOLOGY
Greenhouse gas emissions are divided into three classes according to EN ISO 14064-1. First, direct emissions are greenhouse gas emissions from greenhouse gas sources owned or controlled by an organization. Secondly, energy indirect emissions are greenhouse gas emissions generated by the external supply of electricity, heat or steam consumed by an organization. Finally, other indirect emissions are greenhouse gas emissions from greenhouse gas sources owned or controlled by other organizations because of the activities of an organization [5] .
In general, emissions of each greenhouse gas from the sources are calculated by multiplying fuel consumption by the corresponding emission factor. In the study, IPCC 2006 Tier 1 method is applied to calculate direct emissions. In order to calculate the energy indirect emissions, it is necessary to calculate the electrical emission factor. Turkey's specific electricity emission factor is calculated using TEIAS data according to IPCC Tier 2 method.
Within the scope of greenhouse gas reduction activities, the amount of electricity that can be produced by the modules in a specified location and the amount of radiation falling into the location is obtained by the application of PVGIS 5. Besides, net present value method and benefit cost ratio method are used in economic analysis.
Calculation of GHG Emission

TIER 1 method
In Tier 1 method, emissions of CO 2 , CH 4 and N 2 O are calculated by multiplying the amount of fuel consumed and the emission factor [21] . The following equation is used:
where, Emissions GHG ,fuel is emissions of a given GHG by type of fuel (kg GHG), Fuel Consumption fuel is amount of fuel combusted (TJ), Emission Factor GHG,fuel is default emission factor of a given GHG by type of fuel (kg gas/TJ). For CO 2 , it includes the carbon oxidation factor, assumed to be 1.
Moreover, CO 2 , CH 4 , N 2 O and other gases are converted to tons CO 2 -Eq by using the last updated global warming potential values. To calculate the total emissions by gas from the source, the emissions as calculated in Equation 1 are summed over all fuels [21] :
TIER 2 method
Under Tier 2, the Tier 1 default emission factors in Equation 1 are replaced by country-specific emission factors. Country-specific emission factors can be developed by taking into account country-specific data such as carbon contents of the fuels used, carbon oxidation factors, fuel quality and the state of technological development. When calculating country-specific emission factor, the amount of emissions released according to the types of fuels used is calculated. In other words, the total emissions are then divided by the amount of electricity or heat or steam supplied [21] .
Power Generation
PVGIS produces calculations of solar radiation and photovoltaic system energy production. With the help of the program, the total amount of radiation in the selected location and the amount of electricity that can be obtained from the PV systems with the installed capacity are calculated. The interface of the program is shown in Figure 1 [22] .
Figure 1. PVGIS interface [22]
Location is determined by selecting location from map or entering address information or entering latitude and longitude information before entering relevant information about PV systems.
Getting started with the program, the grid-connected tab is selected from the program menu. Solar radiation database selection is made to calculate the amount of annual radiation. PVGIS-CMSAF database that cover Europe, Africa and parts of South America is more suitable in irradiation calculation for Turkey. Then PV system type is selected to be used in calculations. For calculation of electricity, installed peak PV power, which is the total power of PV system, is entered in kWp. The estimated system losses are all the losses in the system. After entering the system information, the positioning information of the modules is entered. In PVGIS, there are two mounting position possibilities: freestanding modules, which are mounted on a rack with air flowing freely behind the modules; and building-integrated modules, which are completely built into the structure of the wall or roof of a building, with no air movement behind the modules. Subsequently, slope of PV modules, which is the angle of the PV modules from the horizontal plane, and azimuth of PV modules, which is the angle of the PV modules relative to the direction due south, are entered. If optimizing slope and/or azimuth is chosen, PVGIS will calculate the slope of the PV modules that gives the highest energy output for the whole year. PVGIS can also calculate the optimum azimuth if desired. These options assume that the slope and azimuth angles stay fixed for the entire year.
Economic Analysis
The net present value method is used to make an economic analysis of the system. The difference between the present value of the cash benefit that will be provided during the life of the system and the present value of the expenses such as investment and maintenance of the system is called as the net present value method. With this method, the combined interest rate is used to make the economic analysis of the system. 
To carry out the analysis with the help of the calculated combined interest rate, the current value is calculated with the help of the benefits and costs Eq. 4 and the difference between the total benefits and the total costs is calculated with the help of Eq. 5 [23] . In the benefit / cost ratio method, as in the same NPV method, there are totals of the present values of the benefits and costs to be generated by the project and dividing the sum of the present values of the benefits by the totals of the current values of the costs give the benefit / cost ratio that is calculated with the help of Eq. 6 and 7 [23] .
NPV = Benefit − Cost
BCR =
Benefit Cost
GREENHOUSE GAS INVENTORY
Direct (scope 1) and energy indirect (scope 2) emission sources of the family are discussed in 2017. Other indirect emission (scope 3) is not taken into account. The direct emission sources of the family whose data are used in the calculation are natural gas used for heating purposes, gasoline consumption of vehicles, refrigerant leaks. Energy indirect emission source are steam and electricity supplied. However, the only energy indirect emission of the family is electricity.
Direct Emission Inventory
In the calculation, the total annual consumption amount is multiplied by CO 2 , CH 4 and N 2 O coefficients and the individual emissions are obtained. Then, each gas is multiplied by the global warming potential coefficient to obtain the total CO 2 -Eq. Likewise, the emission of the refrigerant gases is obtained by multiplying the total gas capacity of the device with the leakage rate. Subsequently, the total CO 2 -Eq is obtained by multiplying the global warming potential. In the last stage, direct greenhouse gas emissions are collected and scope 1 greenhouse gas emissions are obtained. For the direct emission inventory, the bills of the natural gas consumed during 2017 and the vehicle fuel slips are investigated. For emissions from gas leakage, label data of devices and leakage rates in IPCC documents are taken into account. In 2017, fuel consumed is given in Table 1 and refrigerant fluid capacities and leakage rate are given in Table 2 . Also, the default emission factors are given in Table 3 , and global warming potential, which is a measure of how much heat a greenhouse gas traps in the atmosphere up to a specific time horizon relative to carbon dioxide, is given in Table 4 . In the IPCC documents, the leakage rate for water dispenser and refrigerator is 0.1%, whereas this rate is 1% for air conditioner. When the total gas capacity and leakage ratio of the device are multiplied, the total annual leakage rate is obtained. Direct emissions include emissions from stationary combustion, mobile combustion and gas leaks. While the natural gas consumed for heating and cooking purposes is evaluated within the scope of stationary combustion, the fuels consumed by the vehicles are evaluated within the scope of mobile combustion. While natural gas used in heating is evaluated in commercial category, the sources used in electricity generation are evaluated in energy category. 
Energy Indirect Emission Inventory
In order to calculate the energy indirect emission amount, the total amount of electricity consumed in 2017 is multiplied by the electricity emission factor. The amount of electricity consumed and electricity emission factor must be known in order to calculate the energy indirect emission. The electricity consumption in 2017 has been analyzed through invoices. Consumption by months are shown in Table  5 . The electric emission factor is required to calculate the indirect energy emissions specified in the 14064-1 standard. 2015, 2016 and 2017 data are used, and weighted average is taken to increase the accuracy of the emission factor and decrease its uncertainty. Total fuel used to generate electricity and calorific value of the fuels in the last three years are used to find the electric emissions factor for Turkey (Table  6 ). Then, the emissions of the last 3 years are calculated by multiplying the default emission factors and the calorific value of the fuels (Table 7) . When calculating the electric emission factor, using the weighted average of the last 3 years data will be more accurate. After calculating the emissions, the amount of electricity produced is required to calculate the electricity emission factor. The amount of electricity produced in the past 3 years and the weighted average is given in Table 8 . Finally, each GHG emission is divided by the amount of net electricity produced in the year and the electric emission factor of Turkey is obtained by taking a weighted average of the last 3 years according to the greenhouse type (Table 9) . 
Other Indirect Emission Inventory
Other indirect emissions are not included in the study since it is not possible to examine the consumption values of the greenhouse gas sources which are not under the responsibility of the family under scope 3.
RESULTS and DISCUSSION
GHG Emission Results
Firstly, emissions of each emission source in terms of greenhouse gas are calculated as indicated in the theoretical analysis. Then, each emission is multiplied by the global warming potential to find the CO 2 -Eq. Finally, the emissions are divided according to their scope. Refrigerant emissions ---0,027 Energy Indirect Emission (Scope 2) 0,845 0,000011 0,00001 0,847 Emissions from electricity consumption 0,845 0,000011 0,00001 0,847 Total 5,297 0,0018 0,0002 5,331
As shown in Table 10 , direct emissions are 4,484 tons CO 2 -Eq, while energy indirect emissions are 0,847 tons CO 2 -Eq. At the internal distribution of scope 1, emission from natural gas consumption is 54.97% and 2,465 tons CO 2 -Eq; emissions from vehicle fuels are 44.43% and 1,992 tons of CO 2 -Eq; emissions from gas leakages are 1.82% and 0.08 tons CO 2 -Eq. The reason for the biggest emission source of the family is that natural gas is used for heating, hot water supply and cooking. Besides, refrigerant-carrying devices have very low emissions due to their low gas capacity. Figure 2 shows the percentages of greenhouse gas sources in total emissions. The ratio of energy indirect emissions to total emissions is 16%. Although all of the devices in a house are electrically operated, electricity is in the third rank among the sources of emissions.
Figure 2. Percentage distribution of GHG emissions
GHG Projection Results
The projection of GHG reduction
As the greenhouse gas reduction activities, it is aimed to install the PV system on the roof, replace the conventional central heating boiler with condensing combi boiler and use led lamps instead of incandescent lamps. PVGIS application data is used in PV system installation on the roof. The location of the family and the PVGIS-CMSAF database are selected in PVGIS application. Crystalline silicon is also chosen as PV technology and system losses are assumed as 14%. In the PV system, two modules with a peak power of 300 Wp are used. The data obtained with the help of PVGIS are given in Table  11 . 
The Results of the projection
With the estimations and calculations, it is examined how and how much a family's greenhouse gas emissions can be reduced. The emission amounts resulting from the projection of reduction are given in Figure 3 . Figure 4 presents emission reductions and percentage distributions according to the scope. As a result of projection, it has been predicted that a more efficient boiler can reduce emissions by 0,4066 tons CO 2 -Eq. Installation PV system on the roof can reduce 0.4174 tons CO 2 -Eq; while LED bulb conversion can reduce 0.0465 ton CO 2 -Eq emission (Figure 3 ). The emission reduction projection is 47% direct emission and 53% energy indirect emission in Figure 4 .
Comparison of Emission Results
In this study, greenhouse gas emissions of a family are calculated in 2017. As a result of the calculations, the total emission of the family is found to be 5,33 tons CO 2 -Eq. 84.1% of the total emission is direct emissions. The remaining 15.9% is energy indirect emission that is 0,847 tons CO 2 -Eq. 0,4066 tons CO 2 -Eq from scope 1 and 0,4639 tons CO 2 -Eq from scope 2 are reduced in conclusion. Consequently, Figure 5 shows that the scope 1 emission is reduced to 4,077 tons CO 2 -Eq and the scope 2 emission is reduced to 0,384 tons CO 2 -Eq. Moreover, scope 1 emissions are reduced by 10% while scope 2 emissions are reduced by 120%. Finally, the total emission is reduced by 19.5%.
Brief Economic Evaluation
The economic analysis of the greenhouse gas reduction activities is carried out according to the method of net present value and benefit cost ratio. Some assumptions have been made for the economic analysis. The first one is that the unit price increase rate of 20% for the second year, 15% for the third year and 10% for the other years. The second assumption is that the PV system and boiler are renewed after 15 years. Besides, all the lamps are renewed every 3 years, the last assumption is that the combined interest rate is 15%.
Economic analysis benefit and cost items are listed. First of all, the investment cost of the PV system is 3000 TL. Secondly, the scrap price of the previous boiler is 750 TL while the price of the condensed boiler is 2500 TL. Finally, each of the led lamps is 5 TL. In addition, the unit price of electricity unit is 0,331832 TL and the unit price of natural gas is 0,997888 TL.
The results obtained from the analysis are given in Figures 5 and 6 . Figure 5 shows the results of the net present value method; Figure 6 shows the benefit cost ratio results. Because of the analysis, it is observed that investment of greenhouse gas projection is paid back after 11 years. Besides, the projection make profit after 11 years. Figure 6 . Results of benefit cost ratio method
CONLUSIONS
In this study, direct and energy indirect emissions of a family in 2017 were calculated. As a result of the calculations, the total emission of the family was found to be 5,331 tons CO2-Eq. In order to decrease the emission, projection calculations were made. In this context, the installation of the PV system, a higher efficiency combine boiler and low energy consumption led bulbs were planned. In the case of realization of projection activities, 0,87 tons of CO2-Eq emission reduction can be carried out. Thus, an emission reduction of about 20% was found.
Among the targets of Turkey for 2030, 21% of the total emission reduction is planned. So, renewable energy sources should be used to achieve the planned targets. Moreover, it is seen that European countries have reduced their emissions by measures taken in line with the Kyoto Protocol targets, and this has been achieved through renewable energy sources. For this reason, it is suggested to emphasize energy efficiency and to utilize renewable energy sources in this study.
It is predicted that global climate change effects will increase in the future. It is estimated that climate change will lead to significant consequences such as rising sea level, displacement of climate zones, severe weather events occurring more frequently and effectively, drought-erosion-desertification, increased epidemics, damaging to wildlife species due to deterioration of natural equilibrium and human health deterioration. Therefore, attention should be paid to greenhouse gas emissions and global climate change. Furthermore, everyone should be aware of this topic and take maximum care to protect the environment and climate.
Finally, the study both will guide the calculation of greenhouse gas emissions according to IPCC guidelines and ISO 14064-1 standard and will also help those who wish to reduce greenhouse gas emissions. 
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